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Non- CPSC Attendees
Approximately 25 individuals (other than CPSC representatives) attended the

meeting. The names of each of these individuals and their affiliation is not available
at this time, but will be published by Underwriters Laboratories Inc. (UL). However,

the groups and interested parties that sent representatives to the meeting are as
follows:

Underwriters Laboratories Inc.

Gas Industry

various trade associations

Fire Services

CO Alarm Manufacturers

Sensor Manufacturers

UL may be able to provide the specific names of the individuals who attended the
meeting. UL's telephone number is 847-272-8800.

Summary of Meeting

This meeting of the UL Technical Advisory Panel (TAP) for Carbon Monoxide (CO)

Alarms was called by UL. The purpose of the meeting was to discuss the agenda items

shown on the attached sheet. The meeting began at 8:30 a.m. and ended at approximately
2:15 p.m., with all items on the agenda having been discussed. The following hand-outs
were distributed at the meeting and are attached to this meeting log: "Attachment 1 to the

May 3-4, 1999 Meeting Minutes of the Interim CSA 6.19 Technical Committee for CO

Detectors and Alarms", "Carbon Monoxide Field Survey", "GRI Recommendations to the

Technical Advisory Panel for UL 2034".
Within a month of the meeting date, UL will publish a Meeting Report as well as

specific proposals for changes to the UL 2034 standard. Comments on those proposals
and on the Meeting Report will be solicited. A copy of the final meeting report will be

attached to this meeting log.
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TAP Meeting Agenda

UL2034 Single and Multiple Station Carbon Monoxide Alarms
August 25, 1999 Bethesda Maryland

Welcome

Introductions

Preliminary results of the field survey

Effects of Shipping and Storage Test

Selectivity Test

Accuracy requirements covering ppm displays

Enhancement of Factory Follow-Up Testing, and Manufacturer’s QC
Modified Follow-Up inspection schedule to accommodate seasonal
production

Tightened contro! schedules

10.Field Sampling as part of the Follow-Up program

11.User replaceable parts

12.Feasibility of requiring CO alarm sensors to be self-diagnosing
13.*Reliability requirements

14.*Minimum lifetime of alarms and alarm warranty

15.*Test ports for use in testing alarms

16.Additional items as time permits

17.Closing comments






CARBON MONOXIDE FIELD SURVEY

All Excluding

SAMPLES Recall Models 7/99
Number of Listed Companies----- 11 10
Number of Models 30 23
Number of Samples Tested ---------- 104 75 51
Sample Missed at Least One Test --46.2% 25.3% 41.2%
Number of Tests — --- 474 309 219
Tests in-range o8 s “63.3% 88.3% 81.2%
Early Response _ 4.4% 6.8% 11.0%
Late Response 14.6% 2.3% 5.5%
No Response, or After 20% COHb - 17.7% * 2.9% + 2.3%*
Response at or Below 20% COHD - 82.3% 97.4% 97.7%

* 70 and 100 ppm tests only.

Out-of Range By Concentration of CO

All Excluding
SAMPLES Recall Models 7/99
70 ppm - 53.7% 21.4% 31.8%
100 ppm ~ 22.0% 17.8% 21.0%
150 ppm - 47.2% 7.1% 13.6%
200 ppm —~ 12.0% 10.6% 21.0%

400 ppm ~ 29.7% 6.8% 12.3%






CARBON MONOXIDE FIELD SURVEY

10/95 Edition Subtotal

3/99 7/99°
Number of Samples Tested 50 29
Number of Tests 150 87
Tests in-range 84.7% 78.3%
Early Response 6.0% 12.6%
Late Response 2.7% 4.6%
No Response, or After 20% COHb -----6.7% 3.4%*

Response at or Below 20% COHbD ----93.3% 96.0%

* 100 ppm only

Out-of Range by concentration of CO

3/99 7/99
70 ppm — NA
100 ppm - 22.0% 21.0%
150 ppm - NA
200 ppm — 12.0% 21.0%

400 ppm —10.0% 21.0%






CARBON MONOXIDE FIELD SURVEY

10/98 Edition Excluding Recall Models

3/99 7/99 -
Number of Samples Tested --------------- 28 22
Number of Tests 168 132
Tests in-range 89.3% 82.5%
Early Response 7.1% 9.8%
Late Response 1.8% 6.1%
No Response, or After 20% COHb ----1.8% 1.5%*
Response at or Below 20% COHb ---98.2% 98.5%

* 70 ppm only

Out-of Range by concentration of CO
3/99  7/99
70 ppm -21.4% 31.8%
100 ppm - NA
150 ppm - 7.1% 13.6%
200 ppm - NA
400 ppm ~-5.4% 6.8%






Rationale;

Outgasing of packaging material has shown to negatively impact the perfdnnance of CO alarms.
Accordingly, the following revision to Paragraphs 45.2.1 and 45.2.2 are proposed to address this
issue.

Impact:
Testing of all currently Listed products.
45.2  Effect of shipping and storage

45.2.1 The sensitivity of an alarm shall not be impaired by exposure to high and low

temperatures representative of shipping and storage, as well as storage in point-of-purchase
packing.

*45.2.1 revised October 15, 1997*

45.2.2 Two alarms, in point-of-purchase packaging, at nominal sensitivity, are to be subjected,
in turn, to a temperature of 70°C (158°F) @ 50 + 30% RH for a period of 24 hours, allowed to
cool to room temperature for at least 1 hour, exposed to a temperature of minus 40°C

(minus 40°F) for at least 3 hours, and then permitted to warm up to room temperature for at least
3 hours. The same two samples are then to be subjected to 50 + 3°C (122° + 5°F) @ 50 +30%
RH for 45 days. The alarms then are to be tested for sensitivity while connected to a source of
supply in accordance with 34.3.1.

*45.2.2 revised October 15, 1997+

45.2.3 Sensitivity measurements shall be recorded, before and after the Effect of Shipping and
Storage Test in 45.2 using the CO values listed in Table 38.1, Part A — Alarm, and Table 38. 1,
Part B - False alarm, except the 30 day test is to be conducted for 8 hours. All alarm samples
tested as part of the Effect of Shipping and Storage Test in 45.2 shall comply with these
requirements.

*Revised 45.2.3 October 1, 1998*
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39 Selectivity Test

Rationale:

Additional gases commonly found in residences are applicable to the Selectivity Test.
Impact:

Retest of all currently Listed products.

Proposal:
Add
Su ce Concentration, ppm
Ammonia 100
Ethylene 200
Ethanol 200
Toluene 200
Trichloroethane 200
to Table 39.1.
Table 39.1
Gas and vapor concentrations
*Revised Table 39.1 effective October 1, 1998+
Substance Concentration, ppm
Methane 500
Butane 300
Heptane 500
Ethyl acetate 200
Isopropyl alcohol 200
Carbon dioxide 5000
Add:
Substance Concentration, ppm
Ammonia _ 100
Ethylene 200
Ethanol 200
Toluene 200
Trichloroethane 200

S:\99SAVE\I6PATTY.RTF (mew)







ATTACHMENT 1

TO THE MAY 34, 1999 MEETING MINUTES OF THE
(INTERIM CSA) 6.19 TECHNICAL COMMITTEE FOR
CO DETECTORS AND ALARMS

Note: These proposed revisions to standard CAN/CGA-6.19-M93 are based on CSA T.I.L
No. R-03 (dated September 18, 1998). At its meeting of May 3-4, 1999 the (Interim CSA)
6.19 Technical Committee resolved that these proposed revisions, to amend and
supplement the current edition of standard CGA 6.19-M93, be processed for adoption

(Detetionsare-shownwith-a-strike-ont, and agdditions are underlined.).

1. Scope

1.2 Carbon n?onoxide detectors covered by these requirements are intended to respond to the
. presence of carbon monoxide from sources such as, but not limited to, exhaust from internal-
combustion engines, abnormal operation of fuel-fired appliances, and fireplaces. Carbon
monoxide detectors are intended to detect carbon monoxide levels below those that could cause
a loss of ability to react to the dangers of carbon monoxide exposure.

1.5 A product that contains features, characteristics, components, materials, or systems new
or different from those in use when the standard was developed, and that involves a risk of fire,
electric shock, or injury to persons shall be evaluated using the appropriate additional component
and end-product requirements as determined necessary to maintain the level of safety for the
user of the product as originally anticipated by the intent of this standard.
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GRI Recommendations to the Technical Advisory Panel for UL 2034

Submitted by,
Gas Research Institute
Contact: Steve Wiersma, 773-399-8126

August 25, 1999

Recommendation 1: Uniquely identify butane and heptane in Section 39, butane as
either i-butane or n-butane (whichever is truly intended), and
heptane as n-heptane.

Discussion:

Among the gases listed for the Selectivity Test in the current Standard are butane and
heptane. These are inadequately identified; there are two different chemical species called
“butane”, n-butane and i-butane, and many isomers for heptane. The intended species
should be uniquely identified so that manufacturers and others can reproduce the tests.

Recommendation 2: For the Selectivity Test of Section 39, adopt the following
additional gases and concentrations:

Acetone 200 ppm
Ammonia 100 ppm
Ethanol 200 ppm
Ethylene 200 ppm
Toluene 200 ppm
Trichloroethane 200 ppm

Discussion:

In addition to the gases listed in the meeting agenda (dated Aug. 11, 1999) this list includes
acetone. Acetone is a common solvent frequently found in residences and has been
recommended for the Selectivity Test in the past by both GRI and the CPSC (CPSC
Recommendation 11 of Oct. 1996).

We recognize that the concentrations listed in the table for some of these gases are
significantly greater than would likely be found in a residence for a sustained two hours.
However, in the absence of an accelerated lifetime exposure test, the interference test serves
two purposes. It tests the alarms' false alarm resistance to interferences, and it also tests their
immunity to a drift in characteristics caused an accumulated dose of potentially reactive
gases and vapors. To fulfill this second function it is important that after the interference test
the alarms be retested for their sensitivity to CO. The doses of these interference gases are
still only a small fraction of expected cumulative dosages over a presumptive three year
lifetime.






Recommendation 3: For the Selectivity Test of Section 39, specify a recovery time
between presentations of each of the interference gases and vapors
of two hours exposure to clean air.

Discussion:

Many CO alarms incorporate a filter to remove solvent vapors before they reach the active
sensor. Increasing the number of interference gases required in the Selectivity Test also
increases the total capacity demanded of the filter, perhaps beyond a reasonable design
specification. Providing a modest recovery time between gas and solvent presentations
allows the filter greater time to desorb the gases and will help prevent premature
breakthrough.

Recommendation 4: Solicit technical recommendations for appropriate concentrations
and exposure times for interference gas tests to SO, NO,,
hydrogen sulfide (H,S), and hexamethyldisiloxane (HMDS). We
suggest the following as appropriate concentrations for two hour

exposures:
SO, 5ppm

NOy S ppm

H,S 5ppm
HMDS 10 ppm

Discussion:

The response to CO of some alarms may be inhibited by other products of combustion,
specifically SO, and NOy. HMDS is a known poison of some technologies. Consequently,
tests to these gases are required by the proposed CENELEC TC 216 Standard. H)S is a
known long term poison for some sensors; in the absence of an accelerated lifetime exposure
test it may be wise to include it in an interference test.

Recommendation 5: Consider requiring an accelerated lifetime exposure test to gases
and vapors representative of the chemical families of gases known
to be present in the residential environment.

Discussion:

Certification should include an accelerated lifetime exposure test and require technical
justification for lifetime claims. A cumulative-exposure type accelerated lifetime test would
include exposures to the gases and vapors expected in indoor air. In this test alarms are
exposed in a short time to a cumulative dose equivalent to that which they would experience
during a presumptive three year lifetime.






Simplifying assumptions must be made to create a set of tests that can be economically
performed. Not all substances to which a detector might be exposed are known, so those that
are known to occur in the greatest concentrations in the indoor environment should be
chosen, whether or not they are known to have a strong influence on the sensor technologies
used. In addition, gases that are known to be reactive or poisonous to the sensors now in use
should be included. Whenever there is a choice of gas species, those that can be
inexpensively delivered, or surrogates for those that can not be practically delivered, should
be chosen. While some gases known to be present in indoor air can be chosen now, in the
future more precise estimates of indoor pollutant levels may be available so that a more
inclusive set of test gases may be used.

Not all indoor pollutants can be tested. Instead, a small subset should be chosen to represent
pollutants from each of the major chemical families and known sensor poisons. Fifteen such
test gases were recommended in the GRI report, Test Protocols for Residential Carbon
Monoxide Alarms, Phase 1, GRI-96/0055 and are shown in the following table:

Accelerated Lifetime Test Gases and Exposures
Alkanes i-Butane 700.
Alkenes Ethylene 350.
Amines Ammonia 650.
Aromatics HCs Toluene 70.
Halogenated HCs Trichloroethane 200,
Alcohols Ethanol 900,
Aldehydes Formaldehyde 1000,
Ketones Acetone 500.
Carboxylic Acids Acetic acid 600.
Hydrogen Hydrogen 550.
Mineral Acids Hydrogen chloride 143,
Sulfur dioxide 41,

Oxidants Nitric oxide 1400.
Chlorine 40,
Catalyst Poisons Hexamethyldisilazane 10,
Thiols Hydrogen sulfide 33.

Isobutane is chosen to represent aliphatic hydrocarbons because it is generally more reactive
than methane. Its concentration is chosen to provide a total exposure equivalent on an atomic
carbon basis to the combined presence of all paraffinic hydrocarbons and unspecified VOCs
in the indoor environment. Likewise, ethylene is chosen as representative of all alkenes. For
the amines, ammonia is used because it appears in much greater concentration in the indoor
environment than any of the others. Similarly, the aromatic hydrocarbon most likely to be
found in the greatest concentration, toluene, is used. Its test concentration is chosen to
provide a molecular loading equal to the sum total of all aromatic hydrocarbons that may be
found in the indoor environment. For the halogenated hydrocarbons, the species that occurs






in the greatest concentration is chosen as representative, with a concentration calculated to
provide a total chlorine loading equivalent to the combined presence of all of the halogenated
species. Nitric oxide is taken to represent itself, NO,, and ozone. Hydrogen is included
because MOS sensors are quite sensitive to it and it is often used for accelerated lifetime
testing of methane-sensitive MOS sensors. Hydrogen chloride is included because of its
potential importance in the indoor environment. It is, however, difficult to deliver. Finally,
chlorine is included as a strong corrosive, hexamethyldisilazane (HMDS) as a quintessential
poison, and hydrogen sulfide to represent all reduced sulfurs. The total doses listed for
chlorine, HMDS, and hydrogen sulfide are comparable to those used by others in poisoning
studies of catalytic bead gas sensors. Further justification for the choice of these gases and
cumutlative loads may be found in GRI-96/0055.

An accelerated lifetime exposure test would consist in exposing the alarms to the cumulative
doses of these gases. The exposures should be provided over an exposure time that keeps the
concentrations well below the concentration for each gas that might be expected to cause a
prompt false alarm. In order to minimize the duration and cost of the tests the test gases may
be grouped and combined so that as many as possible are delivered simulitaneously to the
detectors without chemically competing in their influence on the detectors. A recommended
grouping is the following:

Gas Groups for Accelerated Lifetime Exposure Tests

0

Hydrogen '
i-Butane Acetic acid HMDS
Toluene Nitric oxide
Ethanol Hydrogen chloride Hydrogen Sulfide

Ammonia Chlorine

Formaldehyde Sulfur dioxide Trichloroethane

Ethylene

Acetone

Recommendation 6: Fully incorporate the newly proposed reliability requirements of
the Canadian Standards Association CAN/CGA-6.19-M93
Technical Committee for CO Detectors and Alarms. These are the
reliability requirements of IAS 6-96 Rev. June 1998.

Discussion:

For years now there has been growing public concern over the reliability of CO alarms. This
concern must be forthrightly addressed if CO alarms are to attain their potential as life saving






devices. Presently, the sections of UL 2034 pertaining to reliability are confusing and

ambiguous:

* Section 4.1 appears to require an overall failure rate of fewer than 3.5 or 4.0 failures per
million hours, but it does not define what is meant by failure.

* Section 4.2d removes from the failure rate calculation of section 4.1 any component that
“is evaluated by specific performance tests included in the standard” and cites as examples
“the audible signal appliance, test switch, and battery contacts”. Is the sensor, the alarm's
most critical component from which its overall reliability derives, included in this
category? If so, does section 4.2d really intend to remove the sensor from the reliability
analysis? Citing other components while remaining silent on the sensor, which is the most
conspicuous component “evaluated by specific performance tests” only adds to the
confusion. Is it wise to waive a genuine reliability requirement in lieu of single-time
performance tests which are not designed to determine the reliability of the alarm?

e Section 4.5 seems to clarify the reliability requirements for the sensor by requiring
reliability data developed using MIL.217-F, But MIL.217-F provides no reliability data for
any kind of chemical sensor, nor guidance for developing any. Further, while Section 4.5
requires a failure rate of less than 2.5/million hours, it does not define “failure”. For a
device that drifts, failure can only mean a drift of device specifications so great that the
entire detector no longer operates within a required sensitivity specification.

* Likewise, it is not clear if Section 34.4 (Component Reliability Data) is meant to include or
exclude the sensor.

* There seems to be some confusion over what “ sensitivity calibration” means in Section 74.
Must all alarms be tested to actual CO gas at their time of manufacture?

Adopting the clear and explicit reliability requirements of CAN/CGA-6.19-M93 would
resolve all of these ambiguities. In addition, CAN/CGA-6.19-M93 provides the following
essential components of a reliability standard:

* A definition of lifetime and a specified lifetime;

* Definitions of what is meant by failure for supervised and unsupervised failures;

* Target reliability (as an upper bound on the failure rate) for alarms at their time of
manufacture; and,

* Target Mean-Times-Between-Failure (MTBF) for supervised and unsupervised failures
over the lifetime of the alarms,

If the reliability requirements of CAN/CGA-6.19-M93 were not to be adopted, forging a
credible reliability requirement within UL 2034 would still mean implementing each of these
components.

Adopting the reliability requirements of CAN/CGA-6.19-M93 would address the CPSC
request (CPSC Recommendation 14 of Oct. 1996) that production quality test requirements
be clarified. In particular, CPSC recommended that:

UL require each manufacturer to perform long term stability and reliability testing on
eack UL-listed detector model... [the criteria) including:

» Minimum sample size;






* Acceptable failure rate criteria;

* Requirement to test detectors periodically for a total time period not less than the
expected life of the detector; and,

» Suitable UL oversight and inspection procedures.

CPSC recommended that manufacturers perform actual long term testing for reliability,
saying that they “do not believe that designing to a predicted failure rate ensures detector
reliability in the field.” Each of these CPSC concems is fully addressed by the proposed
reliability requirements of CAN/CGA-6.19-M93.

The proposed reliability requirements require statistical sampling of a production run, testing
to actual CO concentrations, and withholding a statistical sample for quarterly testing
throughout the lifetime of the alarm. It is not necessary to test every alarm to CO, as
presently seems to be required by Section 74. Instead, only a sufficient statistical sample of
alarms needs to be tested at the time of manufacture.

The adoption of the proposed reliability requirements of CAN/CGA-6.19-M93 will also
advance the eventual harmonization of the two standards.

Recommendation 7: Require a test port on each alarm to simplify and lower the cost of
automated testing. This test port may be implemented as a direct
electrical connection, or it may use the preexisting alarm LED to
signal an alarm, and for detectors with digital displays, the
displayed concentration.

Discussion:

Testing CO alarms is presently an expensive, laborious and time-consuming task.
Automating the recording of alarm activations would simplify testing and decrease its cost.
Some testing laboratories do this by automatically detecting the sound created by the alarms.
However, this is not a wholly reliable method, as it requires considerable finesse in
microphone placement, and in some cases it requires modifying the alarm's enclosure. A test
port would enable reliable automated recording of the alarm signal and concentration.

A test port could take several forms. It couid be implemented as a direct electrical
connection conveying an analog or digital signal. Or it could be implemented by modulating
the alarm's LED indicator, requiring no additional hardware cost.

A disadvantage of electrical or optical connection is that it does not test the alarm's
piezoelectric sounder. Fortunately, the sounder's functionality can be independently tested by
pressing the test button before and after any gas sensitivity tests.






Recommendation 8: Clarify alarm response by fully specifying recovery times between
test gas presentations.

Discussion:

Because the present standard says little about recovery time, different alarm brands may
implement quite different algorithms and still meet the standard's sensitivity specification.
Consequently, different alarm brands may behave very differently in their response to
varying CO concentrations, and this has consequences both for their performance in the field
and for reliability testing.

In the field, CO concentrations are not likely to appear abruptly and remain constant, as
during a test of the device. Instead, CO concentrations vary and often appear and disappear
episodically. Tests of alarms to varying CO concentrations reveals that alarm brands with
different recovery times may activate their alarms at the same, or vastly different %COHb
levels, depending on the temporal profile of the CO exposure. To reliably alarm at consistent
COHD levels all brands should have similar response and recovery times.

Testing CO alarms is simplified when they are allowed to recover from test exposures on
their own, without operator intervention. Operator intervention is expensive and goes against
the grain of automated testing, and sometimes it is not even possible, For some alarm brands
an instantaneous de-integration is evoked by pressing a reset button, but other brands are
inherently integrating and not capable of an electrical reset. Fair treatment of ail brands then
necessitates that there be sufficient time between test gas presentations for alarms to fully
recover. However, recovery times now vary from brand to brand by as much as a factor of
ten.

Consequently, specifying recovery times as well as activation times would assure that
different models all activate within the required %COHb range in the face of varying CO
concentration, and it would simplify testing.

Such a specification could be achieved by stating within the Section 38 of the standard that
the alarms are intended to provide an integrated response to CO with equal integration and
de-integration time constants (ie., to follow the Coburn equation). Section 38 should also
then specify a sufficient recovery time berween test gas presentations for the presumptive
%0COHD to decay to within 0.5% of baseline.

Recommendation 9: Require that digital readouts, if allowed in an alarm under UL
2034, be accurate to +5 ppm for concentrations less than 50 pPpm
and +10% for concentrations greater than 50 Ppm, provide no
indication at less than 15 ppm, and be subject to the same lifetime
and reliability requirements as the alarms as a whole, with a
digital reading outside of the specified tolerance considered as an
unsupervised failure. Additionally, the digital readout should not
indicate concentrations of the interfering gases of Section 39 at
greater than 10% of their actual concentrations.






Discussion:

Tests reveal that the digital readouts of some brands are quite accurate while those of other
brands are highly inaccurate. For this reason CPSC recommended (Recommendation 15 of
Oct. 1996) that UL specify the accuracy of digital readouts, if they are incorporated in a
detector.

We recommend the following:

* A not-to-be-exceeded (NTBE) tolerance should be specified as 15 ppm for CO
concentrations less than 50 ppm and £10% for concentrations greater than 50 ppm;

* No readout should occur at a concentration less than three times the NTBE tolerance, i.e.,
no display below 15 ppm; and,

* The digital displays should be held to the same reliability standard as unsupervised errors in
the proposed reliability requirements of CAN/CGA-6.19-M93, that is, no more than 1% of
alarms manufactured would be allowed to exceed the NTBE tolerance at the time of
manufacture, and the cumulative fraction of alarms that could exceed these tolerances over
a presumptive 3 year lifetime would be limited to 14.6% (at a 90% confidence level).






